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(54) Titie: TAPETUM-SPECIFIC PROMOTERS FROM BRASSICACEAE SPP 
(57) Abstract 

Tapetum-spedflc promoters, designated A3 and A9 and capable of driving expression of 12.9 kDa and 1 1.6 kDa proteins 
in Arabidopsis thaiiana and related proteins within the family Brassicaceae, have been discovered, isolated and cloned. The 
promoters can be used to drive male sterility DNA such as that coding for a nuclease, protease or glucanase. Alternatively or in 
addition, male sterility can be achieved by disrupting the proper expression of the A3 and/or A9 genes, for example by transcrib- 
ing RNA which is antisense to the RN A normally transcribed from the A3 and A9 genes, or by expressing DNA coding for a rib- 
ozyme specific for at least one of the A3 and A9 genes. 
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TAPETUM-SPE rTFTr P1^0MQTKRS FROM BRASSIC4CEAE SPP. 

This invention relates to the sqpplication of recombinant DNA technology to plants, 
specifically for the purpose of achieving male sterility. 

5 

The production of hybrids via sexual hybridisation of parents 
backgrounds is an important practice in modem agriculture. Due to the 
manifestation of heterosis or hybrid vigour the offspring arc superior to tiie parrots 
in such key agronomic characters as yield and disease resistance. Further, where 

10 the parents are extensively homozygous, the resulting offspring are graetically very 
uniform and thonefore the wop behaves m an equally uniform manner in such 
important characteristics as gmnination time, height of growth, susceptibility to 
disease, fiowering time, seed r^ing time etc, which greatly improves the 
efficiency of crop management. For these reasons hybrid seed is attractive to the 

IS former and therefore sells at a premium. 

In nature, the rqnoductive mgans of maqy plant species are arranged in a manner 
tfiat gready favours sdf-fertilisation and consequentiy the production of non-hybrid 
offspring. Therefore, in orda to produce hybrid seed free from contamination 
20 with selfed seed, cross-fertilisation is carried out using a variety of mechanical, 
chemical and gmetic methods that prevent sdf-pollination. 

An important mechanical method for hybrid seed production is available for Zea 
mays. In this impedes, the male and female reproductive organs are located on 
25 different parts of ttie same plant, which fadlitaies emasculation by a process 
known as detasseling - removal of die anttiers. However, the rqproductive organs 
of most other major crops are not so convenientiy arranged making emasculation 
a very labour-intensive operation; as a consequence, hybrid seed produced by this 
method is very expensive. 
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Oieniical methods idy on gametodde, such as etfaerd, which kfll or block viable 
pollen production. However, such chemicals are usually expensive and difficult 
to administer, particulariy to crops with an indeterminate flowering habit. 

5 Two commonly used genetic methods for preventing self-pollination are sdf- 
incompatibility and male sterility. In self-incompadbiHty systems, viable pollen 
is produced but a biochemical block prevents sdf-pollination by interfering witii 
pollen germination or pollen tube growth. However, such systems are compUcated 
by the scardlty of sdf-incompatible female lines, propagation difficulties and the 

10 ftequent instaWlity of the sdf-incompatibiKty. In some cases, the problems of 
propagation can be eased by chemical suppression of the sdf-incompatibiHty or by 
the hand pollination of immature buds ("bud pollination") beftwc activation of fte 
biochemical block to self-pollination. However, si^ipressible self-mcompatibilities 
are often vulnerable to climatic stress which reduces the effectiveness of tiie 

15 system. The important crop genus Brassica prcwides a good example of the 
difficulties associated witii self- incompatibility systems for hybridseed production. 

Altiiough self-inconq»atibmty is widespread in Brassica spp., tfie system is 
complex, female lines are veiy difficult to propagate and the self-incompatibility 
is prone to breakdown under stressful climatic additions. 

20 

In pgTinnitinal terms, flie most important natural mechanism employed to prevent 
sdf-poUination is so-called male steriUty. Male steriUty usuaUy results from tfie 
manifestation of certain mutations carried in tiie nuclear or organellar 
(chloroplastic and mitochondrial) genomes that result in die degeneration of tiie 
25 antiiers or poUen prior to dehiscence (release of pollen). Plants expressing male 
sterility are tiierefoie female only, and any seed produced by such plants must be 
tiie produa of cross-pollination from a male fertile plant. Currentiy, the greatest 
barrier to flie vrtdespiead availability of hybrid seed is tiie absence of effective 
male-sterility. 
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NatuiaUy occuning male sterility systems are available in several crops: maize, 
sugarbeet, oilseed tape and sunflower. Many have flaws such as the breakdown 
of sterility and the production of pollen under stressful cUmatic conditions. 
Genetically controlled male steriUty has previously relied mostly upon the chance 
5 discovery of male sterile plants in the breeding population. The development of 
an e£fective male sterility system would remove this dependence on an 
unpredictable event and give more control to the plant breeder. The present 
invention relates to sudi a development. 

10 Thepromoteristhatregionof a gene which regulates its expression, for example 
by specifying the time or location of expression. Promoters can be separated from 
the coding region of a gene and used to drive a different coding region, thus 
allowing the expression of a different product A promoter can in prindple be 
used to effect male stetitity if it is specific to the cells/tissue involved in the 

15 production of male gametes. The tqwtum is a specialised cdl layer within the 
anther that plays a crudal role in the siqjply of nutrients to the develpping 
microspores. Malfunction of the tapetum is the cause of many types of natural 
male sterility. 

■ 20 According to EP-A-0329308 (Paladin Hybrids Inc), many of the difficulties 
associated with naturally-based male-sterility and sexual incompatibiUty systems 
can be overcome by a proposed "artificial" male-steriUty system. EP-A-0329308 
describes several possible variants of the system. In one type, the central element 
is a chimeric gene consisting of a microspore- spedfic promoter and a male 
25 sterility DNA. Microspraes are immature pollai grams. The important property 
of male-sterility DNA is that its ejq»ession is designed to cause the termination of 
microspore development, by interfering with processes unique or essential to it. 
Since the promoter is microspore-spedfic, the male-steriUty DNA is transcribed 
into RNA only in the microspores. The plication describes several types of 
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male- sterility DNA, sped^g: anti-sense RNA to mksro^xire-spedfic genes and 
to protons ynSk a general, but essential, ceU function (es actinidin and tubulin); 
and the cytaitaac proteins Ridn A and diphtheria toxin. 

5 However, the system as described appears to have a serious drawback, in that the 
teaching of EP-A-0329308 would not produce plants which are necessarily male- 
sterile plants. Since the action of the microspore-spedfic promoter described in 
the invention occurs post-meiosis, segregation of the male sterility DNA in the 
microspotocytes of plants heterozygous for the factor would result in only half the 
10 pollen grauns receiving the factor. 

A possible way to dicumvent file segregation problem would be to generate plan 
homozygous for the sterility fiurtor. However, propagatioh of sudi a plant would 
have to proceed via asexual processes since any pollination would again return the 
15 offepring to heterozygosity. This limits the i^lication of tiie invention to plant 
species where such propagation is commCToally-viable. It would tiierefore be 
desirable for male steriHty DNA to be expressed in the motiier tissue tiierd)y to 
affect all the pollm grains. 

20 EP-A-0344Q29 (Plant Genetic Systems (PGS)) also describes an artifidal male 
sterility system for use in hybrid seed production. It is based on a chimeric gene 
consisting of an antiier-spedfic promoter (from tiie gene designated TA29) isolated 
from Mcotiana tabacum and a male sterility DNA. In this case, the promoters are 
doived not from mioospore-specific genes as in the Paladin system, but from 

25 genes expressed exclusivdy within tfie tjqpetinn. Hence, tiie chimeric gene is 
designed to prevent microspore develcq)mait and cause male-strality by disrupting 
or destroying the tapetum. 
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The most important difference betwe«i this approach and that of EP-A-0329308, 
is that the choice of a promoter which is active in a cell-type not subject to 
meiosis, avoids the problems associated with goiedc s^n^tion. Destruction of 
file tsq)etum prevents die maturation of all microspores regardless of genetic make* 
5 up. 

As part of the continuing endeavour to improve the means available to the plant 
geneticist for inducing male sterility in commercially important crops and other 
plants, the idmtification of further useful genes and associated promote is 

10 actively sought Among the commercially most significant crops in the world 
today are included members of the family Brassicaceaey particularly Brorwca 
i^pus, commonly known as oil--seed n^. If tapetum-q)ecific genes and promote 
from members of the £unily Brassicaceae could be eludidated, plant breeders 
would have at their di^sal powerful tools to use in the devdppmmt of male 

15 st^e B. nepus and otfa v members of the Brassicaceae family. There is an 
attraction in being able to keep heterologous DNA within the £amily or smaller 
taxonomic division/asunpredicted effects may be reduced or minimi Further, 
transgmic membCTS of the family Brassicaceae incorporating heterologous DNA 
from other members of the same family may well be more accq)table from the 

20 regulatory point of view than Brassicaceae family members incorporating DNA 
from more remote sources. 

The present invention is. based on the discovery of novel and useful genes and 
promoters from the family Brassicaceae and relates to methods, gmetic constructs 
25 and transgenic plants harnessing the discovery. 

According to a first aspect of the present invention, there is provided a 
recombinant or isolated DNA molecule comprising a promoter which naturally 
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in 
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Arabidapsis OuOiana or an equivalent protem in anotber mcanber of the femily 
Brassicacaie. 

m this specification, the gene encoding the 12.9 KDa proteiii in ^. OudUma and 
5 equivalents of that gene in other members of the fennly Bntssicaceae wiU be 
xefisned to as the A3 gene; the gene encoding the 11.6 kDa protein in 

and equivalents of that gene in other members of the family Bwsri 
refened to as the A9 gene. The A9 and A3 are difBerent in sequence and pattern 
of eq»ression ftom die tapetum-spedfic promoters described in EP-A-0344029. 
10 Induction by external fectors such as heat shock or herbicide s5»plication, as is 
described in one embodiment of EP.A-0329308. is not required for this invention 
to fraction, so it need have none of the attendant problems wither era^ 

indetraminate flowering habits. 

15 A3 temporal expression the period in anther development vrhen the 

microsporocytes are in meiotic division to early microspore interphase. A9 gene 
is expressed in t^etal cells. Bqiression of A9 is initiated in anthers that contain 
meiocytes and continues into anthers that contain microspores in early first 
interphase. 

20 Ttie molecular weights quoted above arfe putative and derived ftom the number of 
amino acids bdieved to be present, as deduced ftom the DNA sequence. The 12.9 

KDa protein encoded by the A3 gene of A. OiaUana has 118 amino adds; the 11.6 
kDa protein encoded by the A9 gene of A. OiaUana has 107 amino adds. It will 
therefore be appreciated that the molecular weights refer to the un-glycosylaled 
25 protein. In addition, the effect on any other post-translational processing such as 

partial proteolysis is discounted. 

Although figures given above relate only to proteins of A. thdliana, those skiUed 
in the art will readUy be able to identify equivalent proteins from other members 
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of the family Brassicaceae. For example, the equivalent A9 gene in Brassica 
napus encodes a putative protein of 96 amino adds in length having a calculated 
molecular weight of 10.3 kDa. Such equivalent goies may be identified by 
hybridisation studies, restriction fragment length polymorphism (RFLP) and other 
5 me&ods known in the art. Genes encoding closely equivalent protdns may for 
oan^le hybridise under stringent conditions (such as at approximately 3SoC to 
6SpC in a salt solution of i^iproximately 0.9 molar) to the A. OwHiana A3 and A9 
gmes, or fragments of them of, for example, 10, 20, 50 or 100 nucleotides. A 
15-20 nucleotide probe would be appropriate under many circumstances. 

10 

The preferred A3 and A9 promote described in this specification are from 
Arobidopsis thaUana and can be isolated by methods known in the art, for example 
by (a) synthesising cDNA from mRNA isolated from the stamens of the plant 
Brassica napuSj (b) isolating this cDNA, (c) using this cDNA as a probe to 

15 idmtify r^ons of the plant genome of Arobidopsis thaliam that encode stamen- 
spedfic mRNA and (d) idontifying the upstream (5*) regulatory r^ons that 
contain the promoter of this DNA. This procedure also dmionstrates that probes 
based on, or derived from, the coding regions of a stanm*specific DNA from one 
spedes of plant may be used to isolate DNA sequences encoding stamen-spedfic 

20 mRNAs from other species. A3 and A9 promoters from other members of the 
family Brassicaceae^ for ^cample from B. napus itself, are also included within 
the scope of the invration, as are those which include non-essential variations from 
the natural sequences. 

25 Particularly preferred promoters are diose upstream of the coding regions of the 
sequences shown in Figure 4 (for tiie A. thaliana A3 gene) and Figure 7 (for the 
A. thaliana A9 gene) as will subsequendy be described in the examples. Those 
skilled in the art will be able to identify with sufficient predsion the promoters 
driving the coding regions and to isolate and/or recombine DNA containing them. 
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8 



PromotBT-coiMaming DNA in accoidance Mdtfa the inv^ 
male steriUty on plants, particulariy those betonging to the fiunily Brossicaccac, 
in a variety of ways as wfll be discussed bdow. In an in^ortant embodiment of 
the invention, therefore, a promoter as described above is qpetaiively linked to 
5 DNA which, when expressed, causes male sterility. 

Since an effective sterility system is conq)lete, propagation of the seed parent must 
proceed either by asejoial means or via the pollination of the male-sterile by an 
isogenic male-fertile line, and the subsequent identification or selection of male 

10 sterile plants among the ofi&pring. Where vegetative propagation is practical, the 
present invention forms a complete system for hybrid production. Where fertiUty 
xestoralion is necessary to produce a seed crop, the present invention forms tiie 
basis of a new male sterility system. In some seed crops where tiie levd of cross 
pollination is high, seed mixtures may enable restoration to be bypassed. The 

15 male sterility wiU be particularly useful in crops where restoration of fertility is not 

required, such as in tiie vegetable Brassica spp., and such otiier edible plants as 
lettuce, spinadi, and onions. 

DNA in accordance witii tiie invention and incorporating tiie A3 and/or A9 
20 promoter can drive male sterility DNA tiiereby produdng male sterile plants, 
which can be used in hybrid production. The promoters are highly t^»etum 
spedfic and so tiie sterility DNA is only expressed iii tiie tapetirai. Ite control of 
expression is very strong and tiie DNA is not expressed in otiier cdis of tiie plant. 
The system prevents tiie production of viable pollen grains. All transformed plants 
25 and flidr progeny are male sterile; tiiere is no problem witii meiotic segregation. 

A construct comprising a promoter operatively Unked to a male sterility DNA can 
be transformed into plants (particularly those of tiie genus Brassica, but also otiier 
genera such as Ntcotiana and Hordeum) by metiiods which may be weU known in 
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themselves. This transformation results in the production of plants, the cells of 
v/iach contain a foreign chimaic DNA sequence composed of the promoter and 
a male sterility DNA. Male-sleiility DNA encodes an RNA, proton or polypeptide 
which, when produced or over-produced in a stamen cdl of the plant, prevents tiie 

5 normal developmrat of the stamoi celL 

The taptbam specific promoters may be used to drive a variety of male steriUty 
DNA sequences which code for RNAs proteins or poiypqrtides which bring about 
the Mure of mechanisms to produce viable male gametes. The invention is not 
10 Umited by the sequence driven, but a number of classes and particular examples 
of male sterility promoter-drivable sequences are prefMied. 

For exan^le, tiie drivable male sterility DNA may encode a lytic enzyme. The 
lytic enzyme may cause lyas of one or m<»e biologically important molecules, 
15 sudi as maoomolecules including nucldc arid, protrin (or glycoprotein), 
carbohydrate and in some dicumstances lipid. - > 

Ribonuclease (such as RNase Tl) and bamase are ^camples of enzymes which 
cause lysis of RNA. Examples of enzymes which lyse DNA include exonudeases 

20 and endonucleases, whetiier site-specific such as EcoBI or non-site-spedfic. 

Glucanase is an ^cample of an enzyme which causes lysis of a carbohydrate. The 
enzyme glucanase is naturally produced in anthers where it functions to release the 
young microspores from a protective coat of poly-glucan laid down before meiosis. 
The appearance of tiie enzyme activity is developmentally regulated to coincide 

25 witti tiie correct stage of microspore developmoit. One important attraction of 
glucanase as a potential sterility DNA is tiat plants are found in nature tfiat are 
male-sterile due to mutations cauang mistiming of glucanase repression and tiie 
destruction of tiie miaos|>Qres. Two types are recognised depending on whetha 
the J5>pearance of glucanase activity is premature or late. The expression of many 
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10 



genes, induding Aose eqaessed wiflrin the anther, echibit various patterns of 
temporal n^idatlon. TlierefiBre, in order to use glucanase as a sterility DNA, the 
promoter chosen to drive expression of fee gene must provide an i«>prppriate 
devdopmentalregulationofglucanaseactivity, preferably by miniicii^ 
5 of expression found in association with natural male-sterility. One means of 
achieving male sterility is to isolate the promoter from a t^m-spedfic gene 
vdlh the same pattern of expression as found for glucanase activity in male-sterile 
mutant plants. Since late oqiression of a ^ucanase is unlikely to produce sterility 
inplantsvfithafunctionalantherglucanasegene, the steriUty factor would require 
10 a promoter capable of driving transcription before the appearance of normal 
glucanase activity, m the RM ow mutant of Petuma (Izhar, S. and Frankel, R. 
Theor Appl. Gteiififc, 41 104-108(1971)) glucanase expression within the ant^ 
fet appcffls at the end of meiotic prophase, and inoeases lo a maximim 
completion of maosis. This pattern of expression contrasts with that in normal 
15 Penrocplants, where glucanase activity within the anfeers appears concom^ 

with the breataiown of the tetrads and the release of the young microspores. Tlie 
aboxant pattern of glucanase activity found in the cmy mutant is thought to be 
responsible for the destruction of the microspores and male sterility. Thus, to 
mimic this mutation using a sterility DNA encoding a glucanase enzyme requires 
20 a iHomoteT capable of driving transcription of the male steriHty DNA witiun the 

anlhas, and preferably within the t^»etum, during the phase of anther development 
between pnjphase of meiosis and the jwearance of the tetrad of microspor^^ 

A3 and A9 promoters discussed above are therefore wdl suited to drive this gene. 
A tapetum-!5)edfic (or at least anthCT-spedfic) promoter is al^^ 
25 jS(l,3)-glucans are found elsewhere within plants, for example in phloem aeve 
elements, where they presumably perform essential functions. 

Hie spatial regulation of the enzyme should also ensure access to the target ceUs. 
Secretion into the locular s?>ace is ensured by the provision in a preferred 
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embodiment, of a suitable signal sequrace in a translational fusion with the 
glucanase coding sequence. 

DNA encoding glucanase is advantageous as male stnility DNA, as it has no 
S product which is cytotoxic outside the target cell. Glucanase as a male sterility 
DNA mimics natural systems and is inhemtly less destructive than for example 
ribonudease, and so does not j^esmt such a problem if the promote is slightly 
acdve in certain conditions in otha cell types. 

ID Actinidin is an ^cample of a protease, DNA coding for which can be suitable male 
sterility DNA. Other examples include papain zjonogen and papain active protein. 

Lipases whose corresponding nucldc adds may be useful as male sterility DNAs 
include phospholipase A2* 

15 

Male sterility DNA does not have to encode a lytic CTzyme. Otba oamples of 
male sterili^ DNA encode enzymes which catalyse the synthesis of 
phytohormones, such as isopentyl transfierase, which is involved in cytokinin 
synthesis, and one or more of the enzymes involved in the synthesis of auxin. 
20 DNA coding for a lipoxygraase or oth« enzymes having a deleterious effect may 
also be used. 

Other male stmliQr DNAs include antisense sequences. Introducing the coding 
r^on of a gene in the reverse orientation to that found in nature can result in the 
25 down-reguladon of the gene and hence the production of less or none of the gene 
product. The RNA transcribed from antisense DNA is arable of binding to, and 
destroying the function of, a sense RNA v»sion of the sequence normally found 
in the cell thaeby disrupting function. Examples of such anti-saise DNAs are the 
anti-sense DNAs of the A3 and A9 goies which may be produced in the antha 
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under control of the A3 and A9 promote. Since these genes are nomaally 
e3q>ressed in the t^wtum, antisense to them may be expected to disrupt tapetal 
{unction and result in inale sterility. 

5 It is not crucial for antisense DNA solely to be transcribed at the time when the 
natural sense transcription product is being produced. Antisense RNA wiU in 
general only bind when its sense complementary strand, and so will only have its 
toxic effect when the sense RNA is transcribed. Antisense DNA corresponding 
to some or all of the DNA encoding the A3 or A9 gene products may therefore be 

10 produced not only while the A3 and A9 genes are bang expressed. Such antisaise 
DNA may be expressed constitutively, under the control of any appropriate 
promom. 

According to a further aspect of the invention, therefiore, Acre is provided 
15 antisense nucldc add which includes a transcribable strand of DNA 
complementary to at least part of the strand of DNA that is naturaUy transcribed 
in a gene encodmg an 11.6 or 12.9 kDa ta?)etum protein in Arabidopsis OioMana 
or an equivalent protdn in another member of the family Brassicaceae. 

20 Antisense DNA in accordance with this aspect of the invention may be under the 
control of any suitable promoter which pOTnits transcription during, but not 
necessarily only during, tapetum devdopment. As indicated above, the promoter 
may therefore be constitutive, but the use of t^)etum-spedfic promoters such as 
A3 and A9 as described above in rdadon to the first aspect of the mvention is 

25 certainly not excluded and may be preferred for even greater control. Such 
antisense DNA would generally be useful in conferring male sterility on members 
of the family Brassicaceae. 
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A still further example of male sterility DNA encodes an RNA razyme (known as 
a libozyme) capsblc of highly specific cleavage against a given target sequence 
(Hasdoff and Gerlach Nature 334 585-591 (1988). Uke antisense DNA, ribozymc 
DNA (coding in this instance for a ribozyme which is targeted against the RNA 
5 encoded by the A3 or A9 gene) does not have to be expressed only at the time of 
expression of the A3 and A9 genes. Again, it may be possible to use any 
appropriate promoter to drive iibo:^me-encoding DNA, including one which is 
adapted for constitutive expression. 

10 According to a further aspect of the invention, th«ne is therefore provided DNA 
encoding a ribozyme csqpable of specific cleavage of RNA encoded by a g»e 
encoding an 11.6 or 12.9 kDa taqpetum protdn in Arabidopsis Oudiana or an 
equivalent protein in another member of the family Brassicaceae. Sudi ribozyme- 
encoding DNA would generally be useful in conferring male sterility on mCTibers 

15 of the £amily Brassicaceae. 

In preferred embodiments of DNA sequences of this invention, including those 
comprising the A3/A9 promoter-male sterility DNA construct, 3' transcription 
regulation signals, including a polyadenylation signal, may be provided. Preferred 
20 3' tcansotqition regulation signals are derived from the Cauliflower Mosaic Virus 
3SS geac. It should be recognised that oihct 3' transcriptim r^ulation signals 
could also be used. 

The antisnse nucldc add and ribozyme-encoding nuddc acid described above are 
25 examples of a more gmeral principle; according to another aspect of the 
invention, there is provided DNA which causes (for example on its expression) 
selective disruption of the proper expression of the A3 and A9 graes. 
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Recombinant DNA in accordance with the inventioii may be in the fimn of a 
vector. The vector may for example be a plasniid,cosniid or phage. Vectors wiU 
ftequendy include one or more selectable markers to enable selection of c«dls 
tiansfected (or transfiirmed: the terms arc used interchangeably in this 

5 apedfication) wift fliem and, ptrferably, to enable sdectibn of cdls harbouring 
vectors inoorpptatinghetetolflgous DNA. Appropriate start and stop signals wiU 
g«>neraUy be present Additioiiany, if the vector is intended for oqnession. 
suffident regulatory sequences to drive eaqnession win be present; however, DNA 
in accordance with the invention will generally be expressed in plant cells, and so 

10 microbial host expression would not be among die primary objectives of the 
invention, aWiough it is not ruled out Vectors not including regulatory sequences 
are us^iil as cloning vectors. 

Cloning vectors can be introduced into E. coU or anotiier suitable host which 
15 fedlitate flieir maiMpulation. According to anotiier aspect of tfie invention, there 
is flieteftMe provided a host cdl transfected or transformed witii DNA as described 
above. 

DNA in accordance with flie invention can be pr^ared by any convenient metiiod 
20 involving coupling togettier successwe nucleotides, and/or ligating oUgo- and/or 
poly-nucleotides, including in vUrv processes, but recombinant DNA technology 
forms the method of choice. 

Ultimately, DNA in accordance with tiie invention (whetiier (i) A3/A9 promoter 
25 plus male sterility gene, Oi) antisense DNA to A3/A9 gene or ribozyme DNA 
targeted to A3/A9 RNA) will be introduced into plant ceUs, by any suitable means. 

According to a furtiier aspect of tfie invention, tiiere is provided a plant cdl 
induding DNA in accordance witii the invention as described above. 
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Preferably, DNA is transfonned into plant ceUs using a disamed Ti-plasmid vector 
and carried by Agrobacterium by procedures known in flie art, for example as 
described in EP-A-0116718 and EP-A-0270822. Altemativdy, the fotsagn DNA 
could be introduced direcdy into plant cdls using an dectrical discharge app 
This method is preferred where Agrobacterium is ineffijctive. for exan^le where 
the redfrient plant is monocotyledonous. Any other method that provides for the 
stable incorporation of the DNA within the nudear DNA of any plant cdl of any 
spedes would also be suitable. This includes spedes of plant which arc not 
currently capable of genetic transformation. 



Preferably DNA in accordance widi the invention also contains a second chimeric 
gene (a "marker* gene) that enables a transformed plant containing the fordgn 
DNA to be easUy distinguished from other plants that do not contain the fordgn 
DNA. Examples of sudi a marker gene indude antibiotic resistance (Henera- 
15 Estrdla et al, 1983), herbidde resistance (EP-A-0242246) and glucuronidase 
(GUS) expression (EP-A-0344029). Expression of: the maricer gene is preferably 
controlled by a second promoter which allows e3q)ression in cdls other than the 
tapetum, thus allowing sdection of cells or tissue containing the marker at any 
stage of regeneration of the plant. Theprcferred second promoter is derived from 
20 thegene which encodes the 35S subunit of Cauliflower Mosaic Vims (CaMV) coat 
piotdn. However any other suitable second promoter could be used. 

A whole plant can be regenerated from a single transformed plant cdl, and the 
invention therefore provides transgenic plants (or parts of them, such as 
25 propagating material) induding DNA in accordance with the invention as described 
above. The regeneration can proceed by known metiiods. When the transfonned 
plant flowers it can be seen to be male sterile by the inability to produce viable 
pollen. Where pollen is produced it can be confinned to be non-viable by tiie 
inability to effect seed set on a redpient plant. 



wo 92/11379 



PCT/GB91/023I7 



10 



16 

Tte invention wiU now be illustrated by the following Examples. The following 
lestnction mzyme and othCT abbreviations are used: 

A, Accl; B, Banim; Bg, Bgia; C, Ctel; H, ffincH; Hd, ffindni; K, KpnL; 
M, Mbd; N. AfofI; Nc, Ncol; Nr, Nrul; P, PsO; R, Rsal; RI, £toRI; RV, 
&»RV; S, Ssm Sa. Arfl; Sp, SpKL; Sm, 5>iial; Ss, &pl; SE. AkJI; X, 
Xb, Xbdl. 

ORF = open reading fhone 

The Examples refer to the accompanying drawings, in which: 

FIGURE 1 shows the DNA sequence of the B. nqpus cDNA A3 t«)gether with the 
deduced protein sequence of the ORF contained in A3; 

FIGURE 2a shows a comparison of the DNA sequences of the B. napus cDNAs 
E3 and E3 with thcil. iftofiana A3 gene. Ttie underlined trinudeptides indicate the 
Old of the ORF encoded by eadi sequence; 

20 FIGURE 2b shows a conqiaxisQn of the putative polypqitides encoded by B. 
/U9>«j c©NAs E3 and E5 with that encoded by tiie A. liteBana A^ 

FIGURE 3 shows a restriction enzyme map of tiie A. OtdRam genomic clone 
G3.6. Only relevant sites are shown and tiiese may not be unique in G3.6. The 
25 position of tiie coding region of A3 is indicated as a filled box. Also tiie extent of 
insots clcmed into the plasmids pRS5 and 15 is shown; 



15 



FIGURE 4 shows the DNA sequence and putative primary structure of tiie A, 
thaliana A3 gene. The underlined sequence is conforms to a TATA box motif; 
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FIGURE 5 shows the DNA sequence of the B. rupus cDNA A9 and the putative 
primaiy structure of tl» OKF contained in the d>NA; 

HGXJRE 6 shows a restriction of the A. OutBana genomic done 69. 1. The 
5 position of the A9 coding region is shown as a filled box and the extent of inserts 
in the plasmids pWP39, 55 and 64 is indicated; 

FIGUKE 7 shows the DNA sequence and putative primary structure of the A. 
OuOiana A9 gene. The underlined sequence is conforms to a TATA box motif; 

FIGURE 8a shows die DNA sequence homology between tfie B. mgws A9 cDNA 
and the ^. OuOiam A9 gene. Underlined nucleotides indicate the position of stop 
codons for the ORFs contained in these sequoices; 

15 FIGURE 8b shows the homology between tiie putative products encoded by die 
B. napus A9 cDNA and die A. thaUana A9 gene; 

FIGURE 9 shows the construction of a chimeric gene containing a transcriptional 
fusion between die A3 promoter and an coU gene encoding ^-glucuronidase; 

20 

FIGURE 10 shows die construction of dumeric genes containing transcriptional 
fusions between die A9 promoter and an E. cott gene encoding ^-glucuronidase; 

FIGURE 11 shows /5-glucuronidase activity in andiers of A9-GUS transformed 
25 tobacco plants; 

FIGURE 12 shows die construction of intermediate cloning vectors used in die 
production of chimeric genes diat express sense and anti-sense RNA from the A3 
and A9 promoters in transgraiic plants. 
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FIGURES 13a and 13b show the construction of chimeric genes between tiie A3 
and A9 promoters and the RNAse baunase; and 

FIGURES 14a and 14b show the construction of chimeric genes between the A3 
5 and A9 promoters and a N. tabacum ^-1,3 glucanase gene which lacks a C- 
terminal ectenaon. Figure 14a illustrates the prq)axation of transcriptional fusion 
constructs and Figure 14b illustrates the prqiaration of translational fusion 
constructs. 

10 In the Examples, unless stated otherwise, all procedures for making and 
piani pniating recombinant DNA were carried out using standard procedures 
described in Itilaniatis et aL, Molecular Qoning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1982. 

15 PYAMPT.P5! 

i^v ^mplA 1 Isolation of the anther-spedfic genes A9 and A3 from Ambidopsis 
fhtffiffff 

20 Anther-spedfic cDNAs were isolated by difBErential screening of Brassica napm 
cDNA libraries constructed from RNA retracted from dissected anthers, as 
described bdow. cDNA clones A3 and A9 were isolated from a Iflwary constructed 
from anthers that were 1.4-1.8 mm in length, nris library was constructed in the 
vector Lambda Zap (Stratagene). The A3 and A9 cDNAs were used as probes to 

25 isolate homologous graes from an A.thdUana gmomic library constructed in the 
vector Lambda Dash (Stratagene). 
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Materials and methods 

Piant material. All seeding matoial for nuddc add isolation was obtained from 
2-3 week old plants grown in a controlled mvironment growth cabinet with 18h 
S photopedod at 24oC. Seedling RNA for differential screening and Nortfaem blot 
analysis was obtained ftom B. napus oleifora var "Topaz". Male fertile buds were 
collected ftom field grown plants of B. rugms oleffem var. "Lictor" (Nickcrsons 
Seeds, Cambridge, UK). Male-sterile buds were obtained from field grown B, 
napus var. CMS "Ogura" (Nickcrsons Seeds, Cambridge, UK) plants. 

10 

Dissection of anOiers. For cDNA library construction, flower spikes were quickly 
harvested iand kept at 4oC until required, but no longer tiian 5h. AnthCTs wctb 
dissectwi from appropriateLy sizni buds vwag fine f CMCceps and immediat^y frozen 
in liquid nitrogen. 

15 

Pollen isolation. Kficroqxires woe isolated ftom ftesh buds of Ae appropriate 
lengdi using the method of Choung and Beaversdcfff (Plant Sd. 39 219-226 
(1985)), and frozen at -80oC prior to RNA isolation. (Pollen isolated from frozen 
buds yielded only highly degraded RNA). 

20 

CoUection of buds. Large samples of complete whorls of buds, at a stage 
immediatdy prior to the opoiing of first flowos, were frozen in liquid nitrogen 
and sttned at -80oC. 

25 Cytological staging of anOiers and buds. Hie developmental stage of buds of 
predetermined length was assessed by light microscopic examination of 
sporogenous cells, microspores or pollen grains extruded from whole anth^ 
squashed in the presence of aceto-orcein or acridine orange. Accurate 
det»mination of bud Iragth was performed using a low-powared light microscope 
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equq>ped^a calflMatedey<^^ Bud lengths stated were measured 

ftom the base of the pedicle to the tip of the outennost sqjal. 

RNA isolation and anaiysis. Material intended low resolution Norfliem dot blm 
5 analysis or for mRNA isolation was ground to a fine powder in a mortar cooled 
with liqmd nitrogen. Total RNA was isolated from the powder using a phenol 
based mefliod as described previously (Diaper et al.^ "Plant Genetic 
TtansfiamationandGeneBcpression: ALaboratory Manual", Blackwell Scientific 
Publishers, Oxford (1988)). Pbly(A)+ RNA was purified by two rounds of 
10 oligo(dD-cdIuIose diiomalography essentially as described in the Maniatis et al 
manuaL RNA high resolution dot blots was isolated according to the meth^ 

of Verwoeid etaL.Nuc Adds Xes. 17 2362 (1989)). 

cDNA Ubrary construction and screening. cDNAs were synthesised ftpm 
15 poly(A)+ RNA using (Amersham or Phannada) cDNA synthesis kits, according 
to die manufecturcTs instructions. cDNAs were Kgated into JScoRI cleaved 
d^hosphorylated lambda Zap I (Stratagene) Csporogenesis" library) or lambda 
Zap n (Stialagene) ("microspore-devcdopment" Ubiary) and packaged using 
Amersham mv&ropadaging extracts. Clones were screened diffeientiaUy, on 
20 duplicate HYBOND-N filtas (Amersham) with pP]-labelled single-stranded 
cDNA probe prqaied ftom either the appn^priate anther poly(a)+ RNA or 
seedling poly(A)+ RNA according to Sargent MeOiods in En^moL 152 423-432 

(1987) ). (The expression HYBOND-N is a trade mark.) 

25 RNA dot and gel blots. Total RNA for dot-blots was spotted onto HYBOND N 
(Amersham) according to the manufacturers instructions. Northern gds were run 
and RNA transferred to HYBOND-N according to Foumey (BRL Focus 10 5-7 

(1988) ). Hybridisation and washing of HYBOND-N filters was according to 
raanufiictums instructions. 
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In situ hybridisation. For embedding and secticnung B. tupus buds were ftoaea 
mCRYC>-M-BED(TAABLabQialories Equipment Ltd). (The expression CRYO- 
M-BED is a tiade mark.) Sections were cut nominally 10 /im thick, mounted cm 
subbed sUdes (Van Prootjen-Knegt et id., Histodiendcal J. 14 333-344 (1983)) 
5 fixed in 4% paraformaldehyde and dehydrated. [^S]rUTP (>1000 Ci/mmoU 
Amosham SJ.1303) labdled sense and anti-sense RNA probes wrae transoibed 
from the T3 and T7 promotns of BLUESCRIPT SK" (Stratagene), in which the 
cDNAs are cloned. (The expressicm BLUESCRIPT SK* is a trade mark.) 
Following transoiption, probes were cleaved by alkaline hydrolysis to generate 

10 probe fragmrats approxifflatdy ISObp in loigth. The hybridisation solution was 
50% formainide, SOOmM NaCl, lOmM Ns^HP04 pH 6.8, lOmM Tris-HCl pH 
7.5, SmM EDTA, 0.02% bovine serum albumin, 0.02% Ficoll, 0.02% 
polyvinylpyrrolidone, lOmMditfaiothrdtol, 10% dextian sul]diaie, 0.7mg/mi£.co/i 
tRNA, SO-l(X)ng/ml probe stodc (6^7x10^ q>m/ng probe). Sections were 

IS hybridised in 30 /ul hybridisation solution at SO^C fm 16h, Slides were wa^ed 
3xlh at SOoC in 50% formamide, 300mM NaCl, lOmM Na2HP04 pH 6.8, lOmM 
Tris-HCl pH 7.5 and then rinsed in RNase A huffier to remove formamide. RNase 
A treatmrat, (150 ng/val RNase A in 500mM NaQ, lOmM Tris HCl pH 7.5), was 
carried out at 37oC for Ih. The slides were fhcn wa^ed twice in 2xSSC (0.3M 

20 NaCl, 0.03M Na citrate, pH 7.0) at 65oC for 30 min, dehydrated through graded 
alcohols and dried. For autoradiography, slides were dipped at 45oC in ILFORD 
K5 nuclear track emulsion (Ig/ml in 1:59 glycerol: water mix). (The expression 
ILFORD K5 is a trade mark.) E3qx)sure time was betweoi 2 and 14 days. 
Development was in KODAK D19. (The esqpression KODAK D19 is a trade 

25 mark.) Following devdopmoit sections were stained with methyloie blue and 
made prananent. 
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a) Isolation and diaxactehsation of the A, ihdliana A3 goie 

Northern hybridisation anaiy^ using RNA extracted from B. ncpus anthers, 
pollen, caipds and seedlings indicated that A3 was only ejqnessed in anthers of 

5 length 1.6-2.3nim with maximal ej^iession between 1.8-2.3nmi. Hius A3 
tenqxnal ej^nession spans the period in anther develp[nnent when the 
mioosporo^tes axe in mdotic division to eariy microspore inteicphase. /n siot 
hybxidisaticms suegest that in B. napuSt A3 is eaqnessed sold^y in die ts^etum of 
the anther. The A3 cDNA is 347 bp in length and contains an open-reading ftame 

10 (ORF) extending from position 1-329 bp (Fig 1) suggesting that this done is not 
foll-lragth. The estimated size of B. ncpus A3 mRNA from Northon gd blots is 
about 500 bp, and again suggesting that tiiis clone is not full Imgth. Hie A3 cDNA 
was used to isolate homologous cDNA dones (E3 and E5) from the same B. ruapus 
library. E5 d>NA is 422 bp long and contains an ORF from position 1-333 

15 (Fig.2a). This cDNA is identical to A3 cDNA over the region they overiap and 
extends the A3 sequence 5 bp 5' of thestartof A3-ande9bp3' of the end of A3. 
Tlie E3 cDNA is 398 bp in teigth with an ORF eactending ficom poation 1-314 bp 
(Fig.2a). The E3 cDNA is 95% identical to the E5 cDNA at the nucleotide level 
and the putative ORF products are 91% identicaL The doning of E5 which is 

20 homologous but not identical to A3 is evidence that probes based on the sequence 
of the anther-spedfic gene A3 would enable the doning of lK>molo^nis antter- 
spedfic g«ies. 

A 15 kb A. thaliana genomic clone (G3.6) was isolated that hybridises to A3 
25 cDNA (Fig.3). The 2300 bp fffudlH-fli/icn region which hybridised strongly with 

the A3 probe, was subdoned from G3.6 and partially sequenced (Fig.4) revealing 
an ORF Owsitions 770-1126) that is hi^ly homologous to the B. napus E5 cDNA 
(82% at the nucleotide level and 76% at the protein level) (Fig.2a,b). The A. 
tiuUiana A3 gene does not ^iparraitly contain introns. The putative protdn oicoded 
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by A3 consists of 118 amino-arads with a molecular mass of 12.9 kDa. A search 
of the NBRF protdn database (release 34) did not reveal any proteins homologous 
to the putative A3 protein. There is a TATA box consensus sequence aoshi, 1987) 
between positions 699-707 bp, 63 bp upstream of the putative start of the A3 
coding region. 

b) Isolation and characterisation of the A9 goie 

Northern analysis and in situ hybridisations indicate that the B. ruqfus A9 gene is 
expressed in the tapetal cdls of anthers of length 1.5-2.3mm, with maximal 
expression between 2.0-2.3mm. Ejqwession of A9 is initiated in anthers tiiat 
contain meiocytes and continues into anthers that contain microspores in early first 
interphase. The A9 cDNA is 490 bp in length oontainiiig an ORF from position 1- 
296 bp (Fig.5). From Northern gel blots, the estimated aze of the A9 mRNA in 
B. iU9>us is about 550-600 bp. The abundance of the A9 mRNA was estimated at 
between 0.1 - 0.2 % of total anther polyA+ mltNA. 

A 13 Kb .4. thaUana genomic clone (G9. 1) was isolated that hybridised to the A9 
cDNA (Fig.6) and a 3145 bp Xbal fragment cloned and partially sequenced 
(Fig.7). This fragment contains an ORF at poation 1461-1781 that is 76% 
identical to the A9 cDNA ORF at the nucleotide level (Fig.Sa) and the putative 
products of tiiese ORFs are 73% identical (Fig. 8b). Comparison of tiie cDNA and 
genomic sequences suggests that the ORF in the cDNA starts at position 9 bp 
(Fig.5) and tiiat the A9 gene contains no introns. 70 bp upstream of the putative 
start of the A9 gene (positions 1382-1389 bp) is a TATA box conforming to tile 
consensus sequence of Joshi (1987). The putative ORF encoded by tiie B. napus 
cDNA is 96 amino-acids in lengtii with a calculated molecular mass of 10.3 kDa 
and tiiat of tiie A. thaliana gene 107 amino-acids witii a mass of 11.6 kDa. 
Altiiough no overall homology was found to tiie putative A9 proteins by searching 
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the NBRF prolan database tiie A9 prolan contains a cystdne motif 

in several 2S plant storage prolans and in some plant protease inhibittns. 

ECTwi pl*^ ^ The use of the AO and A3 pmmoters to drive the expression of 6- 
5 pfaeiwonidase in anthers of Arahhimsu thaUana and NiCOtUma tObdCm, 

To (tanonsoate tfaat the putative promoto^ xqpmis of A3 and A9 aie capsblt of 
driving flie expresaon of a focagn gene in A. thdkma and N. tabaam, 
transcriptional fiisions of the promoters were made to the Escherichia coU gene 
10 aicoding /3-glucaromdase (GUS). 

a) A3 -GUS fusion (Fig.9) 

The 1030 bp mncU fragment of G3.6 is subcloned betweai into tfie HiricTL site 
15 . of the vector pTZ18 (Pharmacia Ltd.) forming pRS5 (Fig.9). This is cut with Sstl 
and the ftagment cloned into £srl-cut pIC19H (Marsh et al.. Gene 32 481-485 
(1984)) forming pWP87. The A3 promoter is then lecovered as a HindnL-Nrul 
ftagment ftom pWP87 and cloned into HinOm, Anal-cut pBIlOl.l (Jefferson et 
td.y EMb6j 6 3901 (1987)). The resultant plasmid 6>WP92) (Fig.9) contains 745 
20 bp of A3 sequence upstream of tiie Sstl ate Qiosition 745 bp in Fig.4) fused to 
GUS. 

b) A9-GUS fusions (Rg. 10) 

25 The 329 bp mncIL-Rsal fragment (positions 1105-1434 bp in Fig.7) was cloned 
into £R«cn-cutpTZ18 forming pWP70A. DNA sequence analysis revealed the loss 
of a *G* residue at flie RseH, Htncll junction which resulted in the recreation of 
tiie Bsdl site. The HindXn, Banim fragment of pWFZOA containing the A9 
promoter was cloned into BaniHI, Hindin-cut pBluescript (Stratagene) forming 
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pWP71, To reconstruct plasmids with largo* A9 upstream regions the JEooRI, 
fiimUn ftagment of pWP71 was rq)laced with the 900 bp Hindm, EooRI ftagment 
of pWP64 (Fig.6) (which contains a 1486 bp Acd, BglO. ftagment cloned into 
ilcci, Bantm-cut pTZ19) forming pWP72. Also the EooRI, fitndm ficagment of 

5 pWP71 was replaced with the 1397 bp WnSm, EcoBl ftagment of pWP55 (Fig.6) 
(which contains a 3146 bp XbaL ftagment cloned into XbdL-caa pTZ19) forming 
pWP73. The flindm, Xbal fragments of pWP71, pWP72 and pWF73 were cloned 
into H/«dm, X&fll-cut pBIlOl . 1 forming pWP74, pWP75 and pWF76 respectively . 
Thus pWP74 contains a 329 bp A9 promoter fragment (positions 1108 - 1437 bp), 

10 pWP75 a 936 bp A9 fragment (positions 501-1437 bp) and pWP76 a 1437 bp A9 
fragment (positions 1-1437 bp) all fused to GUS. 

All the GUS crastnicts are then transformed into N. tabacum mAA. thaliana using 
standard transfomiation techniques. Analyas of transfcmned plants demonstrated 

IS that GUS activity was localised to antiior tissues, specifically to tapetal cells. The 
tenqxnal n^ulation of GUS activity was identical to the temporal expiesaon 
observed for the A3 and A9 genes as desoibed in Example 1. Figure 11 shows 
the activity of the A9-GUS fusions in the antfaos of transgmic tobacco plants. 
GUS activi^ was assayed fluorometrically in the anthers staged predsdy in terms 

20 of the development of the sporogenous cells. The pattern of e:q)ression of GUS 
was the same (quantitativdy and qualitatively) irrespective of the loigth of 
upstream r^<m employed in the frision. These otpaiments clearly demonstrate 
that the A9 i»omoter driv^ transoiption in tsqietal cells through a period 
commendng at the meioc^ stage of devdopment and laminating during early 

25 micro^re intnphase. 
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T?«,m plft 3 Thft constructio n of exmesriofft ^^«*t« ttiwr nse in PTpgygmg 
sense and anti-sftnite TtNA t n anther-snedfic messages in tTHnSPCTig PtaHtS, 

Ether anther-spedfic or constitutive promoters can be used to drive the expression 
of sense or anti-sense RNA corresponding to anther-spedfic transcripts in 
transgenic plants, thus potentiaUy creating anther mutations and male-sterility. 
The same anther-spedfic promoters can be used to drive the anther-spedfic 
oqvession of genes encoding proteins or enzymes detrimental to anther function 
thereby creating male^terility. The use of the ejqwession cassettes, the construction 
of which is described in this example, fior this plication are described in 
Examples 4 and 5. 

a) Construction of an intermediale vector to express sense and anti-sense RNA 
utilising the A9 promoter. 



pWP72 (Fig. 10) is digested with XbdL and religated, thus removing the Bomffl site 
in the polylinker, forming pWP78 (Fig.l2). Tlie I^tH, Sstl (the Sstl end rendered 
blunt with Ktenow) A9 promoter fragment of pWP78 is Ugated into J^nl, Smal-cai 
pjireo forming pWP80 (Fig.l2). pJlTeO is identical to pITOO (Guerineau et al., 
20 Plam Mol Biol 15, 127-136 (1990)) exoqit that the CaMV 35S promoter is 
replaced by a double CaMV 35S promoter (Guerineau et al., Nuc. Adds Bes. 16 
(23) 11380 (1988)). The pWP80 intermediate vector consists of a 936 bp A9 
promoter fragment fused to a polylinker derived from pBluescript with a 35S 
CaMV polyadoiylation signal to stabilise the transcript, 

25 
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b) Construction of an intermediate vector to e^iress soise and anti-soise RNA 
utilising the A3 promoter. 

The CaMV promoter of pJITfiO is teplaced with the A3 promoter by cloning the 
5 745 bp J^nl, flindm fragment of pWP87 (Fig.9) into l^hl, flwidni-cut pJir60 
fonning pWP88 (Fig. 12). pWPSO and pWP88 axe therefore identical apart from 
tbs promoter region and surrounding restriction en^rme sites. 

c) Construction of chimeric genes containing the tapetum-qaedfic A9 promoter 
10 linked to Uie sense or anti-s»ise orimtation of the A9 cDNA. 

Anther-spedfic B. napus cDNAs were cloned into JScoRI-cut Lambda ZapH by the 
addition of EcdBH linkers (Pharmacia Ltd) to the ends of the cDNA. These linkers 
also contain rntemal NoA sites, so the entire cDNA can be recovered as a A^orl 

15 fragment provided the cDNA contains no internal Aforl sites. The B. napus cDNA 
fijT A9 is therefore recovered as a Notl fragment and doned in both orientations 
(sense and anti-sense) into M>rl-cut pWP80. The promoter, cDNA and terminator 
r^ions are excdsed from the pWPSO derivatives with a Hrndm, Xhol digest and 
are cloned into SalL, Hindni-cut pBinl9 (Sevan et al., Nuc. Adds Res. 22 

20 8711-8721(1984)). 

The pBinl9 doivatives are transformed into B. napus. The resulting transgenic 
plants e}q)ressing anti-sense A9 RNA are male sterile. 

25 Other diimeric genes diat can be constructed to produce male sterility are:- 

i) A9 promoter linked to the coding region of the A. thaliana A9 gene, such that 
anti-sense A9 RNA is eiqpressed; 
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ii) A3 promoter driving ecpression of anti-sense A9, either from the A9 cDNA or 
£tom ttie A. OtaUana A9 goie; 

m) A9 promoter expressing anti-sense RNA to A3, using ather the A3 cDNA or 
5 the A i^ona A3 gene; 

iv) A3 promoter expressing anti-sense RNA to A3, using rather the A3 cDNA OT 
the il. cftaZioRa A3 gene. 

10 These plasmids could also he transformed into other membeis of the Brassicaceae 
causing male sterility in the tran^enic plants. 

|r.«,ninii> 4 Construction of c t ^imt^c A3-baTnase and A9-iwTTiay gffngs and ftgir 

IS ftTpnession in transyenic Plants. 

To demonstrate the utiUty of the A3 and A9 promoters they are used to drive the 
eaqwession of the RNase, bamase, in tapetal cells. Use of the barnase gene to 

create male sterile plants has been described in EP-A-0344029 (Plant Genetic 
20 Systens) and has been published by Marianier<ii,AS!i«i« 34^^^ 

Hie oligcmucleotide primers 

5' GGGTCTAGACCa.TGGCACAGGTTATCAACACGTTTGACGG 3 ' and 
25 5' CTAAAACGACGGCCAGTGCC 3' 

are used in a polymerase chain reaction (PGR) to generate a ftagment encoding 
barstar and the mature bamase product from the plasmid pTG2 (Horovitz et aL. 
J. Mol, Biol 216, 1031-1044 (1990)). The first primer is homologous to 
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nucleotides 95-221 bp of Figure 1 in Hartley R.W. /. Mol. Biol 202, 913-915 
(1988). The second pdmier is homologous to a sequrace immediately next to the 
Huldin ate of pTZlSU (Phannada). Barstar is retained on this fragment since 
active bamase cannot be doned in the absence of the spedfic inhibitor barstar 
5 (only baniase is expressed in the transgenic plants). Tlie PGR fragment is dign 

with X&ol, flmdffl and doned into XbaL, flwidm-cut pBluescript forming pWP120 
(Rg.l3a). 

a) Transcaiptional fusion of the A9 promoter to bamase 

10 

pWP120 is digested with Xbal, HincVL and the bamase/barstar fragment cloned into 
XbdirSmaL cut pWP91 forming pWP127 in whidi the A9 promoter is 
transcriptionally fiised to the mature bamase sequoice (Rg. 13b) ^WP91 is 
identical to pWPSO exc^t that tiie polylinker r^on b^ween XbiO. and EcoW. has 
15 been iq>laced witii the sites Spel, Banim, SmdL and PsO). Ibis gene fusion is 
transfetxed to pBinl9 by Ugating tiie XTioI fragmentof pWP127 to 5aa-cutp^l9. 

b) Trandational fuaon of the A9 promoter and gene to bamase 

20 

The primers 

5' 6GGTCTAGACCATGGTAATTAGATACTATATTGTTTGTAC 3' and 

25 5' AATACGACTCACTATAGG 3' 

are used in a PGR reaction to gen^te an A9 promoter fragment from pWP64 
(Fig. 6) that contains tiie oitire 5' untranslated r^on of the A9 gene and has the 
sequence around the initiating methionine of the A9 gene mutated to an NaA site 
30 (ti»e second prinm is homologous to a sequoice within the pTZ19U vector). This 
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10 



ftagment is cmt with Hi/tdm, A»al and cloned into pWP80 or 
existing A9 promoter ftagments in these intermediate vectors. The new 
intermediate vectors are pWP112 and pWP113 respectively. 

pWPKO is cut witfi Ncol, HincH and the bamase^aistar fragment cloned into 
Ncoh SmaL-cat pWPllB forming pWP128 (Fig. 13b). The chimeric gene is then 
doned as an ftagment into the Sflff site of pBinl9. 

c) Transcr^onal fuaon of the A3 promoter to bamase 

The A9 promoter of pWP127 is R?>laced wifli the A3 promoter by cutlmg pWP127 
with Sail, Xbdl and cloning in the Sail, Xbal A3 promoter ftagment of pWP88 
forming pWP131 (Fig. 13b). The chimeric gene is transfened as a Epta, Xhol 
faigni«»n» into ^ml, SalL-cat pBinl9. 

15 

■niepBinl9derivativepIasmidsaietransformedintoiV: tabacum where egression 
of bamase in transgenic plants lesultsinthedegradationof thet^)etalceUsof the 
anther causing complete male steriHty. The plants are female fertile. Thus both the 
A3 and A9 promoters are tsqietum-spedfic and are suitable for driving the 
20 ecpression of any cytotoxic agent within t^jetal cdls leading to the production of 
malestsaile, but otherwise phenotyjttcally normal transgenic plants. Hieseplasmids 
could also be transformed into other crop species such as B. mqyus. Tea nupfs and 
Honfewn vw/^are leading to male steriUty in the transgenic plants. 

25 
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irvninnli> f r^mstniction and eroressin n in transgenic Dlants of chimeric gene 
fasions between the A3 an d AO promoters and a fi-l 3 rtncanase gCnC. 

The t^nporal pattem of eaqnession of the A3 and A9 genes determined fxom 
5 Northern analysis (Example 1) and promoter-GUS fusions (Example 2) show that 
both promoters are active at stages of anther development prior to the release of 
microspores from tetrads. Thus eithra- promoter is suitable for driving die 
premature repression of ^-1,3 glucanase in anthers leading to male sterility, as 
previously discussed. 

10 

cDNAs oicoding an N. tabaam basic /S-1,3 glucanase has beai described by 
Shinshi cf cd. {PNAS 85 5541-5545 (1988)) and Neale et al. (Plant CeU 2 673-684 
(1990)). This enzyme is located in die vacuole and it has been suggested thata C- 
terminal sequence inay be xeqwnsible fior its intiacdlular location (Van den BuldcB 
15 « a/., ims 86 2673-2677 (1989)). An engineered cDNA for this glucanase is 
cloned by using two oUgonudeotides complementary to the sequence of an N. 
tabacum glucanase (Shinshi et al., 1988, Neale et al., 1990) and using the 
polymerase chain reaction to isolate a glucanase cDNA from N. tabacum mRNA. 
The first oligonudeotide has sequence :- 

20 

5' CGCTCTAGACCAT6GCTGCTATCACACTCCTAGG 3' 

This primer contains an Xbd and an Afcol site followed by a sequence identical to 
a 5' region of glucanase (positions 7-29 in Shinshi et al., 1989). The second 
25 oligonucleotide has sequence:- 

5' GGGCCGCGGTCACCCAAAGTrGATATTATATTTGGGC 3' 
This primo^ has a SccII site followed by a trinucleotide that is a stop codon and 
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a sequence compleinenteuy to the region tbat encodes the C^erin^ 

glncanase ^sitions 1017-993 in Shinshi et oL , 1988). The glucanase is thereftne 

doned with restriction ougnne ates at boto ends for ligation into 

vectors pWP80 and pWP88. Also the enzyme is been engineered so that the C- 

5 traninal targeting signal is removed. The «izyme will therefore be seoeted rather 
flian be directed to the vacuole when expressed in transgoiic plants. The 
ghicanase gene is cloned as an X&fll, SacU fragment into X&al, SocH-cut pWPSO 
fonning a transcriptional fimon between the A9 promoter and glucanase forming 
pDWSOFR. An A3-glucanase transci^ti(Mial fusion is constructed by replacing die 

10 SdlU ^bo^ A9 promoter i^on of pDW80PR with the SdH, Xbdl A3 promoter 
ftagment of pWP88 fonning and pDW88PR (Fig.l4a). A translational fusion of 
flie A9 ptcmioter and gdie to the glucanase is made by doning die glucanase as 
an NcdU SaOl into Ncol, Saai<;at pWP112 forming pDW112PR (Rg. 14b). The 
chimeric genes in pDWSOPR and pDWliZPR are transferred as SacL, EcoRV 

15 fragments into Sacl, 5m<il-cut pBinl9 and the chimeric gene in pDW88PR 
transferred as a Sail, £fcoRV ftagment into San^^nuOrcat pBinl9. The pBinl9 
derivatives are transformed into N. tabacum. Callose surrounding tiie 
microsporocytes prematurely dis^>pears in the transgenic plants causing male 
strailiQr. These plasmids could also be transformed into other crop species such a^ 

20 B. TU^us, lea mays wA Hordeum inUgare leading to male steriliQr in die 
transgouc plants. 
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1. Recombinant or isolated DNA comprising a promoter which naturally 
drives eaqnession of a gene encoding an 11.6 or 12.9 kDa ta4)etum protein in 

5 Ambidopsis OiaUana or an equivalent protdn in another member of the femily 
Brassicaceae. 

2. DNA as claimed in claim 1 comprising a promoter whidi drives expression 
of a 10.3 kDa ts^tum protein in Brassica rug)us, which is equivatoit to the 1 1.6 

10 kDa t^ietum protein of A. thaiiana. 

3. DNA as claimed in claim 1 , indqding the p«)motCT 5' to the coding region 
of the sequoice shown in Figure 4. 

15 4. DNA as claimed in claim 1, including the promoter 5* to tiie coding r^on 
of the sequence shown in Figure 7. > 

5. DNA as daimed in any one of claims 1 to 4, whorin die promoter is 
opraatively linked to DNA which, when expressed, causes mate sterility in a plant. 

20 

6. DNA as claimed in claim 5, whadn the male sterility DNA Mcodes a lytic 
enzyme. 

7. DNA as claimed in claim 6, y^erran the lytic enzyme causes lyas of 
25 nucleic add, protdn, carbohydrate or lipid. 

8. DNA as claimed in daim 7, whoein the lytic enzyme is a ribonuclease or 
a deoxyribonuclease. 



8211379A1J_> 



PCr/GB91/02317 

WO 92/11379 

34 - 

9. DNA as claiined in claim 6, wherein the lytic enzyme causes lysis of a 
cazbohydiatB. 



5 



10. DNA as cMmed in claim 9 whetran the lytic enzyme is glucanase. 

11. DNA as claimed in daim 10 including a signal sequence in a tianslational 
fusion witii the glucanase coding sequence. 

12. DNA as claimed in daim 6, wheran the lytic enzyme causes lysis of a 
10 proton. 

13. DNA as claimed in daim 12, wherein the proteolytic enzyme is actinidin 
or papaiL. 

15 14. DNA as claimed in claim 5, whefdn the male sterility DNA codes for RNA 
whidi is antisense to RNA normally found in a plant tapetum cell. 

15. DNA as daimed in daim 14, wherdn the male stetiUty DNA codes for 
RNA v«iuch is antisense to RNA encoding the 11.6 or 12.9 kDa tapetum protein 

20 iaAnbidopsis iftoiteiifl or an equivalent protein in another member of the family 
Brassiceuxae. 

16. Antisense nuddc add which indudes a transciibable strand of DNA 
complementary to at least part of the strand of DNA that is natuiaHy transcribed 

25 • in a gene encoding an n.6 or 12.9 kDa tapetum protdn in >4m&i<top«s<ft^^ 
or an equivalent protein in another member of the family Brassicaceae. 



17. Antisense nucleic acid as claimed in claim 16 wherdn transcription is under 
the control of a constitutive promoter. 
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18. Antisense nucleic acid as claimed in claim 16 wherein tiansarq>tion is mdei 
the control of a tiQ)etum-specific promoter. 

19. DNA as claimed in daim 5, wherdn the male steriliQrDNA codes for RNA 
5 v^iAiscsqnbleof deavageofRNAncnmally foundinaplantt^ietiuncdl. 

20. DNA as claimed in daim 19, wheron the male sterility DNA codes for 
RNA which is capable of cleavage of RNA encoding the 11.6 or 12.9 kDa tapetum 
protdn in Arabidopsis tiidUana or an equivaloit protdn in another member of the 

10 family Brassicaceae. 

21. DNA oicoding a ribo^me C£Q»ble of specific cleavage of RNA nicoded 
by a gene encoding an 11.6 or 12.9 ld>a tiq>etum protdn in Arabidopsis Oialiana 
m an equivaloit proton in anotha membo' of the femily Brasacaceae. Sudi 

15 xibozyme-encoding DNA would generally be useful in conferring male sterility on 
membos of the fiamily Brassicaceae. - 

22. Ribozyme-aicoding DNA as claimed in claim 21 ^^ein tianscription is 
under the control of a constitutive promote. 

20 

23. Ribozyme-OTCoding DNA as claimed in daim 21 wherein transciq>tion is 
under the control of a tapetum-spedfic promoter. 

24. DNA csqnble of specifically disrupting the proper exi»essi<m of a gene 
25 encoding the 11.6 or 12.9 kDa tzpetam protein in Arabidopsis OiaUana or an 

equivalent protdn in anotha monber of the faxaily Brassicaceae. 

25. DNA as claimed in any one of claims 1 to 24 comprising a 3' transcription 
regulation sequence. 
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26. DNA as claimed in claim 25. wherein the 3' tianscr^tiott xegulation signals 
are derived ftom the Cauliflower Mosaic ^^rus 35S gene. 

27. DNA as claimed in any one of daims 1 to 26 which is recombinant and 
which in the form of a vector. 

28. DNA as claimed in claim 27, wherein the vector is a cloning vector and 
comprises one or more sdectable markers. 

29. A microbial host cdl transfected or transformed with a vectw as claimed 
in daim 27 or 28. 



30. DNA as claimed in any one of daims 1 tb 28, whidi indndes a marker 
sequence which enables a plant transformed with the DNA to be distinguished 

15 finom plants not so transformed. 

31. DNA as claimed in claim 30, wherdn the marker sequence confiers 
antibiotic or herbidde resistance or codes for glucuronidase. 



32. DNA as daimed in claim 31. wherein the marker sequence is under the 
control of a second promoter, which is not tapetum-spedfic. 

33. DNA as chdmed in claim 32, wherdn the second promoter is derived ftom 
the CauUflower Mosaic Virus (CaMV) 35S gene. 

34. A plant ceU including DNA as claimed in any one of claims 1 to 28 and 30 
to 33. 
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35. A plant or part of a plant at least some of whose cdls are as claimed in 
claim 34. 

36. Pippagadng mateiial from a plant as claimed in claim 35. 
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